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(57)Abstract 

PURPOSE: To raise rigidity of a projection by improving 
precision in registration of the projection and connecting 
a piezoelectric element to the projection within an 
assembly tolerance as a method wherein displacement of 



the piezoelectric element is effectively transmitted to a 
second substrate in order to realize miniaturization of an 
ink jet recording head and making a nozzle highly dense. 
CONSTITUTION: A second substrate 2 which adds 
volumetric variation to a cavity 4 for making a liquid drop 
fly from a nozzle 4 contains a first projection 5 formed 
outside a diaphragm of the cavity 4 and a second 
projection 6 opposed to the first projection 5 inside the 
cavity 4. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
da m ages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the ink-jet recording head which attained the densification of an ink regurgitation 

nozzle, and the miniaturization. 

[0002] 

[Description of the Prior Art] There is a kayser method using an electric machine sensing element as one of the principles which 
record by making a drop fly from a detailed nozzle. The technique for ******(ing) the interval of a nozzle 3 and a cavity 4, and 
transmitting the generating force of an electric machine sensing element to a cavity 4 certainly using this method, is proposed by 
JP,3-15555,A. The cross section of this technique is shown in drawing 1 0 . The piezoelectric device 7 in drawing is a bimorph 
type. A nozzle 3 and a cavity 4 are the methods which were perpendicularly open for free passage, and are the technique of 
forming many nozzles 3 extremely on a flat surface, forming salient 5 in the outside of the very thin (1.4 micrometers) diaphram 
section of a cavity 4, and making the end face of this salient 5 press by the piezoelectric device 7. If voltage is impressed to a 
piezoelectric device 7, a piezoelectric device 7 will displace to a cavity 4 side, and will press a salient. Since the diaphram section 
also deforms in connection with this and the volume of a cavity 4 is changed, it is about 1 for this volume change/2 (in the case of 
50% of regurgitation efficiency). Usually, with an ink-jet head, the ink equivalent to about 50% of the volume change of a cavity 
carrying out the regurgitation from a nozzle will carry out the regurgitation from a nozzle 2. 
[0003] 

[Problem(s) to be Solved by the Invention] However, with the conventional technology, since the salient is formed by etching etc. 
to the 2nd substrate 2, although there is no big position gap, in case the 1st substrate 1 and the 2nd substrate 2 are joined, the 
medial axis of a cavity 4 and the medial axis of salient 5 may shift. If densification of the nozzle is carried out and the width of 
face of a cavity 4 is narrowed, even if the position gap is few, it will have big influence on an ink regurgitation property. It is 
because the deformability force of the 2nd substrate 2 will deteriorate if the medial axis of a cavity 4 and the medial axis of salient 
5 shift. 

[0004] moreover, if the cavity 4 is miniaturized in connection with the densification of a nozzle, in order to obtain desired ink 
discharge quantity Lengthen a cavity 4 in the direction which intersects perpendicularly with a nozzle train (rectilinear which 
connected each nozzle) inevitably, and the salient 5 on the 2nd substrate 2 is lengthened simultaneously with it. The area of the 
2nd substrate 2 on a cavity 4 is earned, and it must be made to have to tell the variation rate of a bimorph type piezoelectric 
device or a laminating type piezoelectric device to the 2nd substrate 2 whole on a cavity 4. 

[0005] When a salient is lengthened in the direction which intersects perpendicularly with a nozzle train and a variation rate is 
given to a piezoelectric device 7, salient 5 bends and it becomes impossible however, to transmit the variation rate of a 
piezoelectric device to the 2nd substrate 2 whole efficiently according to an intensive impression load, as shown in drawing 1 1 . 
Although what is necessary is just to make it what can press the increase of the number of laminatings, and the longitudinal 
direction whole region of a cavity 4 in the case of a laminating type piezoelectric device, elevation of extreme piezoelectric-device 
cost will be caused. 

[0006] Then, the method of making small the deflection of the salient 5 by impression of an intensive load is required. For that 
purpose, if a size is enlarged too much, it will increase and stop easily being able to deform reaction force of the 2nd substrate, 
although what is necessary is to enlarge a size in drawing 12 (width of face), or just to enlarge b size (height). Then, if b size is 
enlarged, the height of salient 5 will become high and the center of gravity of a salient will become high. If it becomes so, salient 5 
inclines at the time of junction of a piezoelectric device 7 and salient 5 only by the medial axis of a piezoelectric device 7 shifting 
from the medial axis of salient 5 slightly, and salient 5 will be joined to a piezoelectric device 7, inclined. In this case, it is the 
same when the medial axis of a salient shifts from the medial axis of a cavity 4 slightly. Moreover, since height can be fabricated 
only by the double-precision grade to the width of face of a salient when forming a salient by etching, in connection with the 
densification of a nozzle, the rigidity of a salient becomes still smaller. 

[0007] Then, in order to realize miniaturization of an ink-jet recording head, and nozzle densification, the method of joining a 
piezoelectric device and a salient to improvement in the alignment precision of a salient within assembly tolerance, and raising the 
rigidity of a salient as a method of transmitting the variation rate of a piezoelectric device to the 2nd substrate efficiently, is 
needed. 
[0008] 
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[Means for Solving the Problem] Therefore, in this invention, the 1st salient of the above and the 2nd salient which counters 

should be formed in the aforementioned cavity inside at the aforementioned diaphram in the ink-jet recording head by which the 

ink regurgitation nozzle of 1 . plurality, the cavity which is open for free passage to each of the aforementioned nozzle, and the 

member which adds a volume change to the aforementioned cavity in order to make a drop fly from the aforementioned nozzle are 

connected to the 1st salient formed in the outside of the diaphram of the aforementioned cavity. 

[0009] 2. The rigidity of the 2nd salient of the above is larger than the rigidity of the 1st salient of the above. 

[0010] 3. The projected area of the 1 st salient of the above to the aforementioned diaphram is smaller than the projected area of 

the 2nd salient of the above to the aforementioned diaphram. 

[001 1] 4. In order to make a drop fly from two or more ink regurgitation nozzles, the cavity which is open for free passage to each 
of the aforementioned nozzle, and the aforementioned nozzle, be simultaneously formed by the 2nd salient which counters the 
aforementioned cavity inside with the 1 st salient of the above in the ink-jet recording head by which the member which adds a 
volume change to the aforementioned cavity is joined to the 1st salient formed in the outside of the diaphram of the 
aforementioned cavity, and the wall which form the aforementioned cavity. 
[0012] It considers as ****** 
[0013] 

[Example] Below, the example of this invention is explained based on a drawing. 

[0014] Drawing 1 is the tropia cross section of the example of this invention. The 2nd substrate 2 which is the thin film of a 
macromolecule resin is joined to the 1st substrate 1 in which the nozzle 3 and the cavity 4 were formed by injection molding. The 
2nd substrate 2 is acting as a diaphram in the cavity 4 section. The 1st metal salient 5 is formed in the outside of the cavity 4 
section of the 2nd substrate 2, and.the 1st salient 5 and the 2nd metal salient which counters are formed inside the cavity 4. In case 
the 2nd substrate 2 is joined to the first substrate 1 , the second salient 6 will surely fit into a cavity 4, and can perform rough 
positioning, and fine tuning becomes easy to carry out it. Rigid improvement in a salient can also be aimed at simultaneously. 
When the piezoelectric device 7 which is the member which adds a volume change is joined to the cavity 4 and voltage is 
impressed to a piezoelectric device 7, a piezoelectric device 7 displaces in the 1 st salient 5, carries out the variation rate of the 1 st 
salient 5 and the 2nd salient 6 to it, and is made to deform the 2nd substrate 2 into it. By this, a volume change arises in a cavity 4 
and an ink drop flies from a nozzle 3. Any of a conventionally well-known bimorph type and a laminating type are sufficient as a 
piezoelectric device 7. The laminating type piezoelectric device using the piezo-electric transversal effect which deforms at right 
angles to the direction of electric field in this example is used. Even if it uses the variation rate using the piezo-electric 
longitudinal effect which deforms in parallel with the direction of electric field, it goes into the scope of this invention. 
[0015] In addition, the passage (way where the liquid which is open for free passage to a cavity 4 and it flows) of the 1st substrate* 
ckGan:be^formed : also^tlretching^of glass, ametal^a macromolecule resin, etc., or the resin made from sensitization. Moreover, 
you may form a nozzle 3 in the 1 st substrate 1 with laser processing or machining. In addition, even if it joins the nozzle plate 
which opened the nozzle 3 to the 1st substrate 1, it can form. The quality of the material of the 2nd substrate 2 has ink-proof 
nature, and cannot deform it plastically easily, and the poly ape phone, a polyimide, polyether imide, a polycarbonate, polyether 
sulphone, etc. are mentioned that what is necessary is just the high macromolecule resin film of displacement capacity. Even if not 
only the 1st salient 5 but the 2nd salient 6 is formed, the thickness of the 2nd substrate 2 has the thinner possible good one so that 
reaction force generated in connection with deformation of the 2nd substrate 2 is made into the minimum, and a salient cannot 
bend easily and may become. The polyimide film with a thickness of 7.5 micrometers was used in this example. Moreover, even if 
it uses for the quality of the material of the 2nd substrate thin films, such as nickel which has ink-proof nature, stainless:steelj 
titanium, silicon, and glass, it goes into the scope of this invention. 

[0016] The 1st salient 5 and the 2nd salient 6 were formed in both sides of a film by plating nickel on a resin film and giving 
pattern etching. The quality of the material of this salient can be plated on a resin film, and it is easy to an d if it has 

ink-proof nature, it will go into the scope of this invention. 

[0017] The width of face (inside b of drawing 2 ) of the 2nd salient 6 is narrower than the width of face (inside a of drawing 2 ) of 
the 1st salient 5. The reason is that there is a possibility that adhesives may hang down on the 2nd substrate 2 when adhesives are 
used for junction of being generated though the position gaps between bom sides are surely few by preparing a salient in both 
sides, and a piezoelectric device 7 and the 1st salient 5. If the position of the 1st salient and the 2nd salient shifts, the area which 
acts as a diaphram of the 2nd actual substrate 2 will decrease, and the deformability force of the 2nd substrate 2 will fall to a 
degree very much. Moreover, if adhesives hang down on the 2nd substrate 2 at the time of junction of a piezoelectric device 7 and 
the 1st salient 5 even when the width of face of the 1st salient 5 and the 2nd salient 6 is correctly in agreement as shown in 
drawing 9 (I section in drawing 9 ), seemingly, the width of face of the first salient 5 will become large, the rigidity of the 2nd 
substrate 2 will be raised, and the deformability force of the 2nd substrate 2 will fall to a degree very much. Since it is made 
extremely thin in order that the 2nd substrate 2 may heighten the deformability force, adhesion of slight adhesives checks 
deformation of the 2nd substrate 2. 

[001 8] In addition, it is the range which can permit the position gap during the salient of both sides produced when double-sided 
etching is carried out, as shown in drawing 3 , and is made to become smaller than projected area [ as opposed to the 2nd 
substrate of the 2nd salient in the projected area to the 2nd substrate 2 of the 1st salient ] in this example. It is because it appears 
as variation in an ink regurgitation property and becomes a cause with the poor manufacture yield together with the case where 
the length of the salient on appearance became long, a salient becomes easier to bend, and a double-sided salient shifts crosswise 
[ of a salient ] (inside b of drawing 3 ) when, as for this, a double-sided salient shifts in the length direction (inside a of drawing 3 
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), when it assembles as a head. 

[0019] Moreover, as shown in drawing 4 (drawing and the piezoelectric device which looked at the 2nd substrate 2 in the cavity 4 
direction are the slash section in drawing), even if it narrows only the portion which pastes up the piezoelectric device 7 of the 1 st 
salient 5, the effect of this example is expectable. Since the 2nd salient 6 is not narrow, there are very few degrees which stress 
concentration generates into the portion into which the 1st salient 5 was narrow, and they can prevent the fall of the deformability 
force of the 2nd substrate 2 of adhesives depended for hanging down. 

[0020] Moreover, it is also effective to increase and reinforce the part from which the rigidity of the 1 st salient 5 fell, and the 
height (inside c of drawing 2 ) of the 2nd salient 6. It is because these worries do not have stress concentration in the plane of 
composition of a piezoelectric device 7, the piezoelectric device 7 by the position gap within the tolerance of the 1st salient 5 
occurring, and the 1st salient 5, and the interface of the 2nd substrate 2 and the 1st salient 5 even if it makes the height of the 2nd 
salient 6 high and raises the rigidity of a salient. 

[0021] Drawings is the cross section showing the 2nd example of this invention. The point that this invention differs from the 1st 
example is a point that the 2nd salient is a two-step configuration. The portion which the 2nd salient has joined to the 2nd 
substrate 2 is set as the width of face which carries out the maximum volume change, when a unit pressure is applied, and the 
second step is made into latus width of face so that the rigidity of a salient may be raised and deformation of the 2nd substrate 2 
may not be checked from it. If it is made the salient width of face which can obtain the maximum change volume of a cavity 4 
according to this example, the rigidity of a salient does not necessarily become less insufficient. In this example, the configuration 
shown in drawing 5 with metaled electroforrning was acquired. 

[0022] Drawing 6 is the cross section showing the 3rd example of this invention. The point that this example differs from the 1 st 
example is carrying out double-sided etching of the 2nd substrate 2, and are the 1 st salient 5, the diaphram section of the 2nd 
substrate 2, and a point that forms the 2nd salient 6. If the quality of the material of the 2nd substrate 2 can be etched and it has 
ink-proof nature, it is not necessary to ask a metal and a nonmetal. When an example is given, there are nickel, stainless-steelp 
gold, silver, titanium, silicon and a polyimide, the poly ape phone, polyether imide, a polycarbonate, polyether sulphone, etc. In 
this example, it was strong to corrosion, and the optimal nickel (nickel) for etching was used. According to the method of this 
example, it etches into one side of nickel, and compared with the case where accept it 1st salient 5 with the diaphram section of 
the 2nd substrate 2, and it forms, when the 1st salient 5, the diaphram section of the 2nd substrate 2, and the 2nd salient 6 are 
simultaneously formed by double-sided etching, it can cut down sharply and the etching time for a height has the advantage that 
routing time can be shortened. In addition, although the 1st salient 5 and the 2nd salient 6 are fabricated by one therefore, the 
interface with the 2nd substrate 2 is lost, and although it joined and formed each, compared with a salient and the interface of the 
2nd substrate 2, its reliability improves by leaps and bounds. 

[0023] As other effects, the steam transparency to the exterior from a cavity 4 can be prevented by using the 2nd substrate 2 as a 
metal, this receives highly humid and degradation of the adhesive strength by the piezoelectric device 7 with scarce (defects, such 
as migration through which inter-electrode flows at the time of highly humid, occur.) reliability, the swelling of jointing, etc. is 
received - completeness - it is protected 

[0024] When Si is used for the 2nd substrate 2, the front face other than the aforementioned effect is oxidized, and it is Si02. 
Wettability improves by forming a coat. Here, wettability is the degree of a touch area when a drop adheres to a solid-state front 
face, and it is said that wetting is good, so that a touch area is large. Si02 A foam does not adhere and that wetting is good can 
aim at improvement in cellular eccrisis nature, even if a foam permeates into the pressure room 4. Moreover, wetting of adhesives 
to the 1st salient 5 becomes good, and leads to the adhesive improvement in a piezoelectric device 7 and the 1 st salient 5. 
[0025] Moreover, with metals, such as nickel, since the elastic modulus is large, in order to change the variation rate of a 
piezoelectric device 7 into deformation efficiently, it must be made very thin and poor generating of the difficulty of thickness 
management, a pinhole, etc. is ****(ed). Compared with nickel etc., if macromolecule resins, such as Pi (polyimide), are used for 
the 2nd substrate 2, since it is very small, an elastic modulus can thicken thickness and will become easy to manage the thickness 
of a film. 

[0026] Next, the 4th example of this invention is described. The point that this example differs from the 1 st example is a point of 
the passage wall 8 and really fabricating or simultaneous fabricating the 2nd salient 6. 

[0027] As shown in drawing 7 (a), Si (silicon) board is ********** e d to the middle of the passage wall 8, and, next, the passage 
wall 8 and the 2nd salient 6 are formed by the 2nd etching ( drawing 7 (b)). In addition, the 2nd substrate 2 is also simultaneously 
**********ed with the 1st salient 5 at the time of the 2nd etching. Thus, the passage wall 8 and the 2nd salient 6 are really 
fabricated. All the material that described the material which forms the 2nd substrate 2, the 1st salient 5, and the 2nd salient 6 in 
the 2nd example and that can be etched is applicable. 

[0028] Moreover, as shown in drawing 8 as an option, a photopolymer is used for formation of the passage wall 8, and the 2nd 
salient 6 is formed in the 2nd substrate 2 side by the photopolymer simultaneously with the passage wall 8. The 2nd substrate 2 
which formed the 1 st salient in the nickel thin film with electroforrning beforehand was used. As for the 2nd substrate 2, the 1 st 
salient 5 should just be beforehand formed by thin films, such as a macromolecule resin and a metal. Moreover, the 1st salient 5 is 
formed by etching or elecfroforming. 

[0029] Or a photopolymer is laminated to both sides of the 2nd substrate 2 of a thin film, such as a macromolecule resin and a 
metal, and the 1st salient 5, the passage wall 8, and the technique referred to as forming the 2nd salient 6 are also mentioned. 
[0030] According to the example of this invention, together with the passage wall 8 and the effect which the position precision of 
the passage wall 8 and the 2nd salient 6 became very exact, and was described in the 1 st example in addition by forming the 2nd 
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salient 6 simultaneously, the ink regurgitation property variation between the head individuals by head assembly is suppressed, 

and it is effective in the yield improving. 

[0031] 

[Effect of the Invention] According to the above example, form the - 1st salient 5, and the 2nd salient 6 which counters inside 
cavity 4 ] the 2nd substrate 2. 

[0032] - The rigidity of the 2nd salient is larger than the rigidity of the 1st salient. 

[0033] - The projected area of the 1 st salient of the above to a diaphram is smaller than the projected area of the 2nd salient of the 
above to the aforementioned diaphram. 

[0034] - The 1st salient of the above, the 2nd salient which counters, and the wall which forms the aforementioned cavity should 
be simultaneously formed in the cavity inside. 

[0035] It becomes possible to be alike, and to join a salient to a piezoelectric device within assembly tolerance more, and to raise 
the rigidity of a salient, and the densification of a nozzle and the miniaturization of an ink-jet recording head can be realized. 



[Translation done.] 
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